Electronic Version 
Stylesheet Version vl.1.1 

Description 
[DC MOTOR DRIVE CIRCUIT] 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a circuit for controlling 
drive current that flows in a stator winding in accordance 
with a signal from a position detecting element that de- 
tects a rotational position of a rotor in a DC brushless 
motor such as a fan motor. 

[0003] 2. Description of the Prior Art 

[0004] | n a conventional technique concerning a two-phase DC 
brushless motor such as a fan motor, as disclosed in 
Japanese unexamined patent publication No. 9-047073 
for example, a position detecting element such as a Hall 
element is provided for detecting a rotational position of a 
rotor, so that current flowing in a stator winding is con- 
trolled in accordance with the output signal of the ele- 
ment. 

[0005] pig. 5 shows a conventional two-phase half-wave 



(unipolar) brushless DC motor drive circuit that is applied 
to such a DC fan motor. This circuit includes a drive IC 12 
(for example, a motor drive IC, BA6811F made by ROHM 
CO., LTD.) for driving two-phase stator windings 14 and 
15, a Hall element 11 as a position detecting element, a 
diode 13 and a capacitor 16. The drive IC 12 includes an 
operational amplifier 17, a control circuit 18 and transis- 
tors 19 and 20 for phases. The control circuit 18 works so 
as to turn on the transistor 19 or 20 at an output side 
when an input voltage of the operational amplifier 17 be- 
comes zero level. 
[0006] This conventional DC motor drive circuit shows character- 
istics in which the current flowing in the two-phase stator 
winding does not increase rapidly just after one of the two 
transistors is turned on, but the current increases gradu- 
ally because of a resistance and an inductance of the 
winding. The time constant due to the resistance R and 
the inductance L of the winding is represented by L/R. If 
this time constant is larger than the switching period T of 
the Hall element, the current flowing in the stator winding 
does not increase to a level that is sufficient for generat- 
ing a drive force in the period T. Even if the current in- 
creases, it occurs in the latter half of the period T. In the 



case of a high speed fan motor, the period T becomes 
short, so the tendency that the current value increases 
only in the latter half of the period T may become con- 
spicuous. 

[0007] | n order to explain a principle that is a precondition for 
understanding the present invention, it will be explained 
first how rotation of a typical brushless motor and switch- 
ing of the stator winding current contribute a rotational 
drive force with reference to Figs. 8A and 8B. The posi- 
tions indicated by arrows (a)-(f) in Fig. 8A respectively de- 
note times corresponding to positions (a)-(f) of the rotor 
in Fig. 7. It shows that the current that was flowing in one 
winding during the period from (c) to (d) is switched to 
flow in the other winding. Furthermore, Fig. 8A shows a 
waveform of current that flows in a winding of a fan that 
has a high rotation speed. In a fan that has a high rotation 
speed, a thick wire is used for making the winding so as 
to reduce a resistance R of the winding for increasing the 
current I that flows in the winding and for increasing a ro- 
tation torque. In this fan, since the resistance R of the 
winding is small, the time constant (L/R) of the winding 
becomes large, and the current waveform has a shape as 
shown by a continuous line in Fig. 8A in which the current 



increases rapidly at the end of the period T. Furthermore, 
the waveform shown by a dotted line in Fig. 8A is a wave- 
form in the case where there is no delay of the current 
waveform due to the inductance of the winding. There- 
fore, when the power supply voltage is E, the peak value 
Ip2 of the current substantially equal to E/R. Since the 
time constant of the winding is L/R, the time constant be- 
comes a large value in a fan motor using a winding with a 
small resistance. As a result, the delay of the current 
waveform becomes large like the current waveform as 
shown by the continuous line in Fig. 8A. Although the 
peak value Ip3 of the current is smaller than Ip2, it be- 
comes a very large value compared with current value at 
the time (b) that is positioned at the middle of the period. 
Here, the period T corresponds to the time in which the 
motor rotates a 1/4 turn. The rotor position that corre- 
sponds to the time (b) in Fig. 8A is the position in which 
the stator current is converted into the rotor rotation 
torque most efficiently as being explained later. In con- 
trast, even if the stator current is increased in the position 
corresponding to the time (c), it is not converted into the 
rotation torque efficiently. Therefore, in the fan having the 
current waveform as shown in Fig. 8A, the current that is 



supplied to the stator can not be converted into the rota- 
tion torque efficiently. 
[0008] such stator current that is not converted into the rotation 
torque is consumed or wasted as heat by portions that are 
snubber circuits 50 and 51 as shown in Fig. 5. Accord- 
ingly, it is required to control the current supply to the 
stator winding so that the current becomes a peak at the 
time (b) when it is converted into the rotor rotation torque 
most efficiently. However, in the conventional control cir- 
cuit, the stator current value increases in the latter half of 
the period T like the stator current as shown by the con- 
tinuous line in Fig. 8A, and a large portion of the current 
is consumed as heat in the snubber circuit. This means 
that efficiency of converting an electric energy supplied to 

the motor into a rotation torque is small. 
Summary of Invention 

[0009] An object of the present invention is to convert the stator 
current into the rotor rotation torque at high efficiency by 
moving up the timing for supplying current to the stator 
winding in accordance with an operational condition of 
the motor. Thus, another object is to provide a high effi- 
ciency DC motor drive circuit that can suppress the cur- 
rent that does not contribute to the torque and is con- 



sumed as heat by the snubber circuit. 

[0010] According to one aspect of the present invention, a DC 
motor drive circuit has a structure as shown in Fig. 1, in- 
cluding a position detecting portion for producing two 
output signals having different phases that correspond to 
a rotational position of the rotor, a phase advancing por- 
tion for receiving the two output signals from the position 
detecting portion and for producing two phase-advanced 
output signals in which the phases of the output signals 
are advanced, and a current controlling portion for receiv- 
ing the two phase-advanced output signals from the 
phase advancing portion and for supplying the winding 
with a drive signal in which the timing for supplying cur- 
rent is advanced. 

[° 011 ] In the above-mentioned DC motor drive circuit, the phase 
advancing portion may include a differential amplifier 
having two transistors and a circuit network made of a ca- 
pacitor and a resistor in one case. In another case, the 
phase advancing portion may include a differential ampli- 
fier using an operational amplifier, a capacitor and a re- 
sistor. 

[0012] Furthermore, a motor structure that is an object of the 

present invention is a single-phase motor or a two-phase 



motor having the effect as follows. According to the 
present invention, since the phase advancing circuit ad- 
vances the phase of the output signal of a Hall element so 
that the stator current is switched in accordance with the 
phase-advanced signal, the stator current increases suffi- 
ciently at the portion close to the middle of the switching 
period T of the Hall element without increasing only at the 
end of the period. As a result, a torque and a rotation 
speed can be increased without increasing supplied cur- 
rent. In addition, power consumption that is consumed or 
wasted by a snubber circuit can be reduced. As a result, 

the drive efficiency of the motor can be improved. 
Brief Description of Drawings 

[0013] pig. 1 shows a control block diagram according to the 
present invention. 

[0014] pig. 2 is a circuit diagram according to a first embodiment 
of the present invention. 

[0015] Fig. 3 is a diagram showing a waveform of a terminal volt- 
age in the circuit shown in Fig. 2. 

[0016] Fig. 4 is a diagram of another embodiment of a phase ad- 
vancing circuit that constitutes the present invention. 

[0017] Fig. 5 is a diagram showing a conventional motor drive 
control circuit. 



[0018] pig. 6 is a diagram showing a waveform of a terminal volt- 
age in the circuit shown in Fig. 5. 

[0019] pig. 7 is a diagram for explaining a relationship between a 
rotor position and a torque of a brushless motor. 

[0020] Figs. 8A and 8B show stator current waveforms as a com- 
parison between the present invention and the conven- 
tional technique. 

[0021] Figs. 9A and 9B show a structure of a snubber circuit and 
a current waveform thereof. 

[0022] Figs. 10A and 10B show a rotor and a stator of a two- 
phase motor and its winding form. 

[0023] Fig. 11 shows an example waveform of an output of a Hall 

element and a winding current. 
Detailed Description Of The Preferred Embodiments 

[0024] Hereinafter, embodiments of the present invention will be 
explained in detail with reference to the drawings. 

[0025] Fig. 2 shows a first embodiment of the present invention 
and is a circuit diagram showing a case where a drive cir- 
cuit of a DC motor is applied to a two-phase half-wave 
(unipolar) fan motor. In addition, Fig. 3 shows a waveform 
of an output voltage at output terminals 9 and 10 of a Hall 
element 11 shown in Fig. 2 and a waveform of an output 
voltage of an operational amplifier 17 in a drive IC 12. In 



Fig. 3, the vertical axis represents voltage while the hori- 
zontal axis represents time. 
[0026] | n this embodiment, a differential amplifying circuit 23 
that works as a phase advancing circuit is added to the 
conventional drive circuit shown in Fig. 5. The Hall ele- 
ment 11 supplies a differential voltage that corresponds 
to a position of a magnetic pole of the rotor to bases of 
the transistors 28 and 29 that are input terminals of a dif- 
ferential amplifier 23. This voltage signal works so as to 
generate a voltage between the output terminals 34 and 
35, where a phase of the voltage is advanced by the dif- 
ferential amplifier 23 by a time constant that corresponds 
to values of a resistor 30 and a capacitor 31 that are con- 
nected thereto. 

[0027] This output voltage is given by the expression K x (1 + 

jooCR) x (Va - Vb)/R, where Va and Vb respectively denote 
output voltages at the terminals 9 and 10 of the Hall ele- 
ment 11, R denotes a resistance value of the resistor 30, 
and C denotes a capacitance of the capacitor 31. In addi- 
tion, K is a constant, j is an imaginary number, and oo is 
an angular frequency of the motor rotation. Namely, the 
output voltage of the differential amplifier 23 has a phase 
that is advanced from the input voltage thereof by tan6 = 



ooCR where 6 is an angle of lead of the phase. 

[0028] | n the above calculation, the output signal of the Hall ele- 
ment is handled as a sine wave, though the real output 
signal of the Hall element is not always a complete sine 
wave. However, when observing the output signal in a 
short time of the period T corresponding to the motor ro- 
tation, these output signals can be considered as sine 
waves approximately. Therefore, it is possible to advance 
the phase of the Hall element by this circuit. 

[0029] | n the conventional motor control circuit explained with 
reference to Fig. 5, current supply to the stator winding is 
switched when the terminal voltages of the Hall element 
11 become equal to each other. In another circuit as 
shown in Fig. 2, the phase of the terminal voltage signal 
of the Hall element 11 is advanced by the above- 
mentioned angle of lead 6, so that switching operation 
that is faster than the conventional structure can be real- 
ized. 

[0030] Another embodiment of this phase advancing circuit is 
shown in Fig. 4. This phase advancing circuit includes a 
capacitor, a resister and an operational amplifier for am- 
plifying the signals thereof. In the present invention, any 
circuit structure can be applied to the phase advancing 



circuit portion as long as it realizes the phase advancing 
circuit function. 

[0031] Next, in order to promote understanding of the present 
invention, the fact that motor drive efficiency varies de- 
pending on a rotor position will be explained with refer- 
ence to Fig. 7. Thus, it will be explained in detail how the 
phase advanced stator current contributes high efficiency 
operation of the motor. 

[0032] pig. 7 is a cross section of a brushless motor to which the 
present invention is applied, which is cut by the plane 
perpendicular to the rotation axis. In order to explain a 
torque generated between the stator 1 and the rotor 2, 
rotation of the rotor 2 and variation of magnetization by 
the winding of the stator 1 are shown at different rotation 
angles of the rotor as (a)-(g) in Fig. 7. This motor includes 
the stator 1 having hour teeth 11-14 and the rotor 2 that 
is a permanent magnet having four magnetic poles. The 
stator 1 is fixed and magnetized in the north pole and the 
south pole when the stator winding is supplied with cur- 
rent. The current supplied to the winding switches the 
north pole and the south pole alternately. The rotor 2 
turns around the stator with respect to the rotation axis. 
The rotor 2 is divided into four magnetic poles, in which 



portions magnetized in the north pole and portions mag- 
netized in the south pole are arranged alternately. The 
magnetization is formed substantially in a sine wave dis- 
tribution, and the middle portion of one block has the 
highest magnetic property. 

[0033] The position (a) in Fig. 7 shows that the north pole of the 
rotor is turned slightly from the position facing the tooth 
11 of the stator in the rotation direction, when the tooth 
11 of the stator is magnetized in the north pole while the 
tooth 12 is magnetized in the south pole. The north pole 
of the rotor is affected by a repulsive force from the north 
pole of the tooth 11 of the stator so that the rotor gener- 
ates a rotation torque in the rotation direction. 

[0034] The position (b) in Fig. 7 shows that the north pole of the 
rotor is positioned at the middle between the tooth 11 
and the tooth 12 of the stator, when the north pole of the 
rotor is affected by a repulsive force from the tooth 11 
and is affected by an attractive force from the tooth 12. 
This position can generate a large rotation torque most 
efficiently. 

[0035] The position (c) in Fig. 7 shows that the north pole of the 
rotor is positioned slightly before the position facing the 
tooth 12 of the stator in the rotation direction, when the 



north pole of the rotor is affected by an attractive force 
from the tooth 12 so that the rotor generates a rotation 
torque in the rotation direction. 

[0036] The position (d) in Fig. 7 shows that the north pole of the 
rotor is turned slightly from the position facing the tooth 
12 of the stator in the rotation direction, when the stator 
is magnetized by the current flowing in the winding in a 
different manner from any of the cases shown in (a)-(c) of 
Fig. 7. The tooth 11 of the stator is magnetized in the 
south pole, the tooth 12 is magnetized in the north pole, 
and the tooth 13 is magnetized in the south pole. The 
north pole of the rotor is affected by a repulsive force 
from the tooth 12 so as to generate a rotation torque in 
the rotation direction. 

[0037] The position (e) in Fig. 7 shows that the north pole of the 
rotor is positioned at the middle between the tooth 12 
and the tooth 13 of the stator, when the rotor is affected 
by a repulsive force from the tooth 12 and is affected by 
an attractive force from the tooth 13. Similarly to the case 
shown in (b), this position can generate a large rotation 
torque most efficiently. 

[0038] The position (f) in Fig. 7 shows that the north pole of the 
rotor is positioned slightly before the position facing the 



tooth 13 of the stator in the rotation direction, when the 
north pole of the rotor is affected by an attractive force 
from the tooth 13. Accordingly, the rotor generates a ro- 
tation torque in the rotation direction. 

[0039] The position (g) in Fig. 7 shows that the north pole of the 
rotor is turned slightly from the position facing the tooth 
13 of the stator in the rotation direction. 

[0040] After that, the stator is magnetized again by the current 
flowing in the winding in the same manner as the cases 
shown in (a)-(c) of Fig. 7. In addition, the tooth 11 of the 
stator is magnetized in the north pole, the tooth 12 is 
magnetized in the south pole, and the tooth 13 is magne- 
tized in the north pole. Therefore, the north pole of the 
rotor is affected by a repulsive force from the tooth 13 so 
as to generate a rotation torque in the rotation direction. 
Furthermore, since the stator and the rotor are structured 
to be symmetric to each other with respect to the rotation 
axis, the positions (a) and (g) in Fig. 7 have the same 
state. It is understood easily from Fig. 7 that even if the 
teeth of the stator are magnetized in the same magnetic 
force by the current flowing in the winding, the rotor is 
affected by different rotation torques in accordance with 
the position of the rotor. Namely, the position as shown in 



(b) of Fig. 7, in which the center of the magnetization of 
the rotor is positioned in the middle between the teeth of 
the stator, can generated the largest rotation torque. On 
the contrary, the position as shown in (a) or (c) of Fig. 7, 
in which the center of the magnetization of the rotor is 
positioned at a vicinity of a teeth of the stator, cannot 
generate a large rotation torque even if the current sup- 
plied to the winding is increased so as to enhance the 
magnetization of the stator. 

[0041] Therefore, it is required to increase the current supplied 
to the winding so as to enhance the magnetization of a 
tooth of the stator when the center of the magnetization 
of the rotor is positioned as shown in (b) of Fig. 7, i.e., in 
the middle between teeth of the stator. In other words, 
the drive torque can be generated more efficiently by sup- 
plying the stator winding with the current that is not so 
increased when the center of the magnetization of the ro- 
tor is positioned as shown in (a) or (c) of Fig. 7, i.e., at a 
vicinity of a teeth of the stator. 

[0042] Next, the variation of the current flowing in the winding 
along the rotation of the rotor and the shape of its wave- 
form will be explained with reference to Figs. 8A and 8B. 
In Figs. 8A and 8B, the vertical axis represents voltage 



while the horizontal axis represents time. 

[0043] As mentioned in the explanation of the conventional tech- 
nique, Fig. 8A shows an example of the conventional mo- 
tor. Compared with the current at the time (b) that is the 
middle of the period, the current at the time (c) that is the 
end of the period T is very large. As a result, the current 
supplied to the stator cannot be converted into the rota- 
tion force of the motor efficiently, resulting in a low effi- 
ciency of the motor. 

[0044] on the other hand, Fig. 8B shows a waveform of the stator 
winding current of the motor to which the present inven- 
tion is applied. The waveform shown in the continuous 
line is a waveform of the current that flows in the winding. 
The waveform shown in the dotted line is a waveform of 
the stator current in the case where the stator winding 
current is switched in accordance with the output voltage 
signal of the Hall element and the current waveform has 
no delay due to the inductance of the winding. The posi- 
tions shown by arrows (a)-(f) in Fig. 8B indicate times cor- 
responding to the positions (a)-(f) of the rotor in Fig. 7. 
Since the phase of the output voltage signal of the Hall el- 
ement is advanced, current starts to flow in one of the 
winding earlier than the waveform shown by the dotted 



line. In addition, the current is switched from one winding 
to another winding earlier than the waveform shown by 
the dotted line. In other words, the winding current shown 
in Fig. 8B starts earlier and ends earlier than the case 
where the phase is not advanced. For example, the current 
is switched from one winding to the other winding at a 
position of the rotor between the time (c) and the time (d) 
in Fig. 8A, while it is switched at the time (c) in Fig. 8B. As 
shown by the waveform in Fig. 8B, since the timing when 
the current starts to flow in the winding is early, the cur- 
rent has increased up to a sufficiently large value at the 
time (b) even if there is a delay of the current waveform 
due to the inductance and the resistance of the stator 
winding. Therefore, the current around the time (b) at the 
middle of the period T, in which the winding current is 
converted into the motor drive force most efficiently, is 
larger than the case where the phase is not advanced as 
shown in Fig. 8A. Thus, the efficiency of the motor is im- 
proved. In addition, since the current supplied to the 
winding is switched at early timing, the current is sup- 
pressed at the end of the period T. Thus, the current that 
is wasted as heat by the snubber circuits 50 and 51 is re- 
duced so that the efficiency of the motor can be further 



improved. 

[0045] There is another method in which the signal of the Hall el- 
ement is advanced mechanically by setting the Hall ele- 
ment so as to shift the position thereof oppositely in the 
rotation direction instead of advancing the output voltage 
signal of the Hall element electrically. However, if the po- 
sition of the Hall element is advanced mechanically, the 
Hall element may be switched at early timing also at the 
start when the rotation speed is low, and the start may be 
impossible. An advantage of advancing the phase by the 
electrical method is that the phase is not advanced when 
the rotation speed is low but is advanced when the rota- 
tion speed becomes high. 

[0046] Furthermore, the detail of improving the efficiency of the 
motor by advancing the timing of supplying current to the 
winding so as to reduce the current that is wasted by the 
snubber circuit will be explained as below. 

[0047] The winding of the stator will be explained with reference 
to Figs. 10A and 10B. There are two sets of windings in- 
cluding a winding AB from A to B that is turned around 
the tooth 11 and then around the tooth 13 of the stator, 
and a winding CD from C to D stator that is turned around 
a tooth 14 and then around the tooth 12 of the stator. In 



one case as shown in Fig. 10A, where the current flows in 
the winding AB from A to B, the teeth 11 and 13 of the 
stator are magnetized in the north pole toward the outer 
rim of the stator. At the same time, the south pole is in- 
duced to the teeth 12 and 14 of the stator, which are 
magnetized in the south pole. This state corresponds to 
the states of the stator shown in (a) through (c) of Fig. 7. 
Furthermore, another case shown in Fig. 10B is the state 
of the magnetization of the stator when the current flows 
in the winding CD from C to D. The teeth 12 and 14 of the 
stator are magnetized in the north pole toward the outer 
rim of the stator. At the same time, the south pole is in- 
duced to the teeth 11 and 13 of the stator, which are 
magnetized in the south pole. This state corresponds to 
the states of the stator shown in (d) through (f) of Fig. 7. 
The current flowing in the winding will be explained with 
reference to Figs. 9A and 9B. 

[0048] pigs. 9A and 9B show a structure of a snubber circuit and 
a current waveform thereof. 

[0049] pigs. 9A and 9B show a circuit diagram in which the wind- 
ing AB, the winding CD, transistors Ql and Q2 for supply- 
ing electric current to the winding and the snubber circuit 
50 and 51 are connect, and waveforms of current flowing 



in each of the elements. Here, the vertical axis represents 
current wile the horizontal axis represents time. 
[0050] when the transistor Ql is turned on, the current of the 
waveform as shown in (a) of Fig. 9B flows in the winding 
AB. When transistor Ql is turned off, the current flowing 
in the transistor Ql becomes zero soon as shown in (b) of 
Fig. 9B. When the value of the current flowing in the wind- 
ing AB varies rapidly, the winding AB generates an in- 
duced voltage so that the voltage at the B side of the 
winding AB rises. As a result, the voltage at the anode side 
of the diode Dl rises so that current flows through the 
diode Dl and the Zener diode ZD1 from B to A. This cur- 
rent has a waveform as shown in (c) of Fig. 9B. The circuit 
made of the diode Dl and the Zener diode ZD1 is for sup- 
pressing the induced voltage generated by the rapid 
change of the current flowing in the winding and is called 
a snubber circuit. In the same way, the current flowing in 
the winding CD has a waveform as shown in (d) of Fig. 9B, 
the current flowing in the transistor Q2 has a waveform as 
shown in (e) of Fig. 9B, and the current flowing in the 
snubber circuit including the diode D2 and the Zener 
diode ZD2 has a waveform as shown in (f) of Fig. 9B. The 
current flowing in the snubber circuit including the diode 



Dl and the Zener diode ZD1 consumes power in the diode 
Dl and the Zener diode ZD1. This power is not a power 
consumed in the winding, so it does not contribute to the 
rotation torque of the motor. Accordingly, if this power is 
large, it means that the power supplied to the motor is 
used for other than the rotation torque, resulting in low- 
ering efficiency of the fan. Similarly, if the power that con- 
sumed in the snubber circuit including the diode D2 and 
the Zener diode ZD2 is large, efficiency of the fan is low- 
ered. As explained above, when the output waveform of 
the Hall element is advanced in the time scale, the current 
at the end of the period can be reduced compared with 
the case where the output waveform of the Hall element is 
not advanced in the time scale. Therefore, a peak value of 
the current flowing in the snubber circuit is reduced as 
shown in (c) and (f) of Fig. 9B. As a result, the power con- 
sumed in the snubber circuit can be reduced. Thus, effi- 
ciency of the fan can be improved. 
[0051] Furthermore, the angle of lead, the delay in supplying 

current to the winding, and the period of the winding cur- 
rent in this example are confirmed numerically as follows. 
Fig. 11 shows the period and the waveform concretely 
with the Hall device voltage in the vertical axis and the 



winding current in the horizontal axis. The phase advanc- 
ing circuit having the structure shown in Fig. 4 was used. 

[0052] The inductance L and the resistance R of the stator wind- 
ing of the brushless motor to be controlled were L = 1.66 
mH and R = 1.32 ohms, respectively. Accordingly, the 
time constant of this motor is L/R = 1.25 milliseconds. 

[0053] if the conventional switching control circuit is used for 

this motor, the stator winding current becomes as shown 
by the continuous line in Fig. 8A. In contrast, in order to 
obtain the advanced angle 17 degrees of the circuit as 
shown in Fig. 4 by applying the present invention under 
the condition that the capacitance = 0.047 uF, the 
resistance value R is decided as below. 

251 

[0054] r = (tan(17degrees))/(ooxC ) 

251 a 241 

[0055] Here, since tan(17 degrees) = 0.314, and u> = 

2tt(5700/60) x 2 = 1193.80, the above equation becomes 
as below. 

[0056] r = 0.314/(1193.80 x 0.047 x 10" 6 ) = 5600 ohms 

251 

[0057] |f t he output signal of the Hall element varies very slowly 
like the case where one motor is started or the rotation 
speed of the motor is low, the capacitor 31 of the differ- 
ential amplifying circuit 23 does not respond to a low fre- 



quency in Fig. 2. Therefore, the differential amplifying cir- 
cuit 23 works as an amplifier having the gain one and 
does not work as the phase advancing circuit. Namely, the 
voltage output of the operational amplifier 17 in Fig. 2 is 
expressed in K x (1 + jooCR) x (Va - Vb)/R, and low speed 
corresponds that u> is close to zero. Therefore, jooCR be- 
comes close to zero; the imaginary part of the (1 + jooCR) 
is approximately zero. Therefore, the value of (1+jooCR) 
becomes one, which means that the gain is one and the 
advanced angle is zero degree. 

[0058] Furthermore, since the time when the current start to flow 
in the winding becomes earlier, the current at the start 
timing generates a rotation torque of the motor in the op- 
posite direction. However, since the current value at the 
start timing is small, improvement of the rotation torque 
due to the current that flows at the middle of the period 
for switching the Hall element contributes substantially, 
so that the rotation speed does not decrease. 

[0059] while the presently preferred embodiments of the present 
invention have been shown and described, it will be un- 
derstood that the present invention is not limited thereto, 
and that various changes and modifications may be made 
by those skilled in the art without departing from the 



scope of the invention as set forth in the appended 
claims. 



